Na(+)-stimulated Na+/H+ exchange and an unfavorable Ca2+ homeostasis initiate the cycloxygenase-2 inhibitors-induced apoptotic signals in colonic epithelial cells during the early stage of colon carcinogenesis.
Evidence suggests that nonsteroidal anti-inflammatory drugs (NSAIDs) inhibit cycloxygenase (COX) and production of the proinflammatory prostaglandin, PGE2, and thus prevent carcinogenesis in the colon. Indeed, one of the specific COX-2 inhibitors, celecoxib, had been accepted by the US FDA for the treatment of familial adenomatous polyposis. However, the molecular mechanism of such inhibition is not clear, although apoptosis appears to be the dominant antiproliferative end effect. The present study delineates the intracellular ionic milieu in the colonocytes that could generate strong apoptotic signals where DMH-induced carcinogenesis was studied in the initiation stage in rats and its regression with the COX inhibitors. While DMH treatment produced a significant elevation in the Na+/H+ exchanger activity and resultant proton efflux, this was reversed by the NSAIDs, particularly so with celecoxib and etoricoxib compared to aspirin. Similarly, the intracellular pH was changed, with more alkalosis noted in DMH, which was reversed by NSAIDs. Also, an intracellular Ca2+ build up was noted by Fura 2 AM, which was also supported by a reduced Ca2+ ATPase and an enhanced inward movement of Ca2+. Further, mitochondrial dysfunction-related cyt C release, increased DNA ladder formation, activation of caspase-3, and cleavage product of poly (ADP-ribose) polymerase (PARP) were not seen in DMH but well noted in NSAIDs. Our results indicate that NSAIDs can induce apoptosis through a change in the colonic Na+/H+ exchange, intracellular pH, and an unfavorable Ca2+ homeostasis.